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Abstrat
Reently, the relation between Hawking radiation and gravitational anoma-
lies has been used to estimate the ux of Hawking radiation for a large lass
of blak objets. In this paper, we extend the formalism, originally proposed
by Robinson and Wilzek, to the Hawking radiation of vetor partiles (pho-
tons). It is expliitly shown, with Hamiltonian formalism, that the theory
of an eletromagneti eld on d-dimensional spherial blak holes redues to
one of an innite number of massive omplex salar elds on 2-dimensional
spaetime, for whih the usual anomaly-anellation method is available. It is
found that the total energy emitted from the horizon for the eletromagneti
eld is just (d − 2) times as that for a salar eld. The results support the
piture that Hawking radiation an be regarded as an anomaly eliminator on
horizons. Possible extensions and appliations of the analysis are disussed.
1 Introdution
Understanding the physis of blak hole horizons, suh as blak hole entropy and
Hawking radiation, should hint at how we an onstrut a quantum theory of gravity.
Reently, there has been progress in understanding the blak hole entropy [1℄. The
breakdown of a dieomorphism symmetry at a horizon, namely an anomaly, has been
found to play an important role. Sine Hawking radiation [2℄ as well as entropy is a
property inherent in horizons, it is natural to expet that Hawking radiation is also
assoiated with anomalies.
Many years ago, Christensen and Fulling found that Hawking radiation an be
derived from the trae anomaly [3℄ for (1+1)-dimensional Shwarzshild blak holes.
In their approah, as usual, boundary onditions both at the horizon and innity are
required to speify the vauum. Hene, it seems diult to attribute Hawking radia-
tion to a property of the event horizon. It should be also mentioned that the method
is not appliable to more than 2-dimensions. Reently, Robinson and Wilzek have
suggested a new derivation of Hawking radiation from Shwarzshild blak holes
through gravitational anomalies [4℄. The remarkable point is that the derivation
is appliable to any number of dimensions. In their argument, Hawking radiation
is a ompensating ux aneling the gravitational anomalies at the horizon. The
advantage of the derivation is that it requires information only at the horizon. Fur-
thermore, Iso et al. showed that the Hawking radiation from a Reissner-Nordström
blak hole an be explained as the uxes aneling the gravitational and U(1)-gauge
anomalies [5℄. They also laried the boundary ondition at the horizon. Their
tehnique was also applied to rotating blak holes [611℄. The angular-momentum
ux from rotating blak holes, whih is regarded as a U(1) urrent ow, an be
alulated as well as the energy ux. Appliations for various blak holes are found
in [1220℄. Very reently, the extension to blak rings, whih have a horizon topol-
ogy of S1× S2, was done in [21,22℄. The thermal distribution of Hawking radiation
has also been derived from the anomaly viewpoint [23, 24℄.
Although muh work has been devoted to this theme, these analyses are foused
on salar partile radiations. Therefore, to verify the universality of the anomaly
anellation tehnique, Hawking radiation for other partiles with non-zero spins
should be investigated. In this paper, we extend the anomaly anellation method
to the vetor partile radiation from generi spherially symmetri blak holes.
The organization of this paper is as follows. In Se. 2, we investigate the gen-
eral properties of an eletromagneti eld on spherially symmetri spaetimes. In
partiular, we show that the eletromagneti eld on the spherial spaetimes is
equivalent to a set of innite numbers of omplex salar elds on the (t, r) setor of
spaetimes, where r is the radial oordinate. In Se. 3, using the results obtained
in the previous setion, we apply the anomaly anellation method to the photon
emission from spherially symmetri blak holes. The nal setion is devoted to a
summary and disussion. We use units in whih c = G = ~ = kB = 1 throughout
this paper.
1
2 Eletromagneti elds on spherially symmetri
spaetimes
2.1 Dimensional redution of eletromagneti eld theory
Let us onsider an eletromagneti eld on d-dimensional spherially symmetri
stati spaetimes, of whih the line element is given by
ds2 =g(d)µν dx
µdxν
=− f(r)dt2 + f(r)−1dr2 + r2dΩ2n ,
(1)
where n ≡ d − 2 and dΩ2n is the line element of Sn. f(r) is a funtion admit-
ting an event horizon, r = rH , where f(rH) = 0. The surfae gravity is given by
κ = f ′(rH)/2. For the 2-dimensional ovariane to be apparent, we also use the
expression of the line element given by
ds2 = gab(x
a)dxadxb + e−2φ(x
a)dΩ2n , (2)
where a, b = t, r. The ation for the eletromagneti eld is
S = −1
4
∫
ddx
√
−g(d)FµνF µν
= −1
4
∫
d2x
√−g e−nφ
∫
dΩn[FabF
ab + 2FaiF
ai + FijF
ij] ,
(3)
where xi is the oordinates on Sn. Note that this ation is invariant under the gauge
transformation,
Aµ(x
µ)→ Aµ(xµ)− ∂µλ(xµ) , (4)
where λ is an arbitrary salar funtion.
Now, we deompose the vetor potential, Aµ, into vetor and salar modes on
Sn [2528℄. These two modes are deoupled from eah other in the ation, and one
an treat them separately. The vetor modes are deomposed as
Aa(x
µ) = 0, Ai(x
µ) =
∑
N
√
2αN(x
a)VNi (x
i) , (5)
where VNi is the n-dimensional vetor spherial harmoni solving
(DjD
j + k2V )V
N
i = 0 , D
i
V
N
i = 0 . (6)
Here, we denote the ovariant derivative on Sn by Di. The eigenvalue kV is given
by k2V = l(l+n−1)−1, (l = 1, 2, · · · ). It should be noted that l = 0 mode does not
exist for the vetor harmonis. N is the index running over all vetor harmonis,
whih are normalized as ∫
dΩnV
N
i V
i
N ′
∗ = δNN ′ . (7)
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It is mentioned that sine the gauge parameter λ(xµ) ontains no vetor mode, ex-
pansion oeient αN (x
a) is gauge invariant. Then, we an arry out the integration
over the angular variables in the ation (3) to give
S = −
∑
N
∫
d2x
√−g e−(n−2)φ[∂aαN∂aα∗N + (k2V + n− 1)e2φαNα∗N ] . (8)
From Eq. (8), we see that the vetor modes are equivalent to a set of omplex massive
salar elds, oupling to a dilaton, in two dimensions.
The salar modes on Sn are deomposed as
Aa(x
µ) =
∑
M
AMa (x
a)SM(xi) , Ai(x
µ) =
∑
M
βM (x
a)DiS
M(xi) , (9)
where SM is the n-dimensional salar spherial harmonis solving
(DiD
i + k2S)S
M = 0 . (10)
The eigenvalue kS is given by k
2
S = l(l + n − 1), (l = 0, 1, 2, · · · ). M is the index
running over all salar harmonis, whih are normalized as∫
dΩnSMS
∗
M ′ = δMM ′ . (11)
Then, the ation (3) beomes
S = −1
4
∑
M
∫
d2x
√−g e−nφ[F abMFMab ∗ + 2k2Se2φ(AaM − ∂aβM)(AMa ∗ − ∂aβ∗M)] , (12)
where FMab ≡ ∂aAMb − ∂bAMa . The gauge parameter λ(xµ) is also deomposed into
the salar harmonis,
λ(xµ) =
∑
M
λM(x
a)SM (xi) , (13)
and the gauge transformations for AMa and βM beome
AMa → AMa − ∂aλM , βM → βM − λM . (14)
From these transformation properties, one an nd a gauge-invariant variable,
AMa ≡ AMa − ∂aβM . (15)
Making use of this variable, we an write the ation for the salar modes, Eq. (12),
as
S = −1
4
∑
M
∫
d2x
√−g e−nφ[FabMFMab ∗ + 2k2Se2φAaMAMa ∗] , (16)
where FMab ≡ ∂aAMb − ∂bAMa . The ation for l = 0 mode is
S = −1
4
∫
d2x
√−g e−nφFab0 F0ab∗ . (17)
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This is the ation for a 2-dimensional eletromagneti theory, whih has no degree
of freedom. Therefore, we do not onsider the l = 0 mode hereafter.
Thus, one an regard Eq. (16) as the ation for 2-dimensional massive eletro-
magneti elds (i.e., Proa elds) oupling to a dilaton. Furthermore, in the next
part of this setion, we will see that this theory is equivalent to one for an innite
number of omplex salar elds.
2.2 Equivalene between eletromagneti and salar eld the-
ories
First, note that onstraints subsist in ation (16). For the onstraints to be apparent,
it is onvenient to adopt Hamiltonian formalism [29℄. From ation (16), one an read
o a Lagrangian as
L =√−g
[
−1
4
e−nφFabF∗ab −
1
2
k2Se
−(n−2)φAaA∗a
]
=
1
2
e−nφ(A˙r −A′t)(A˙∗r −A′∗t ) +
k2Se
−(n−2)φ
2f
AtA∗t −
k2Se
−(n−2)φf
2
ArA∗r ,
(18)
where
· ≡ ∂/∂t and ′ ≡ ∂/∂r. Here, we have used the expliit form of a 2-dimensional
metri,
gabdx
adxb = −f(r)dt2 + f(r)−1dr2 , (19)
in the seond line and omitted the index M . Sine the l = 0 mode is irrelevant as
we mentioned before, k2S > 0 an be assumed.
The onjugate momenta of Aa and A∗a are given by
πt =
∂L
∂A˙∗t
= 0 , (20)
πt ∗ =
∂L
∂A˙t
= 0 , (21)
πr =
∂L
∂A˙∗r
=
e−nφ
2
(A˙r −A′t) , (22)
πr ∗ =
∂L
∂A˙r
=
e−nφ
2
(A˙∗r −A′∗t ) . (23)
The above momenta satisfy the following anonial ommutation relations,
{At(t, r), πt∗(t, r′)} = {A∗t (t, r), πt(t, r′)}
= {Ar(t, r), πr∗(t, r′)} = {A∗r(t, r), πr(t, r′)} = δ(r − r′) ,
(24)
where { , } represents a Poisson braket. Equations (20) and (21) are primary
onstraints. Now, we dene a whole phase spae M ≡ {Aa, πa, A∗a, πa ∗} and a
subspae whih satises the primary onstraints, M0 ≡ {x ∈ M |πt = πt ∗ = 0}.
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Beause of the primary onstraints πt = πt∗ = 0, A˙t and A˙t∗ annot be written in
terms of the anonial momenta. However, we an write down the Hamiltonian as
H0 =πtA˙∗t + πt ∗A˙t + πrA˙∗r + πr ∗A˙r − L
=2enφπrπr∗ + πrA′∗t + πr∗A′t −
k2Se
−(n−2)φ
2f
AtA∗t +
k2Se
−(n−2)φf
2
ArA∗r .
(25)
In the seond line, we have used the onstraint equations πt = πt ∗ = 0, and the H0
an be used only in M0. To onstrut a Hamiltonian, H, in the whole phase spae
M , H|M0 = H0 should be required, whih is realized by
H = H0 + µ∗πt + µπt ∗ . (26)
Here, µ and µ∗ are funtions of the anonial variables.
Beause the primary onstraint πt = 0 must be satised throughout the motion,
π˙t(t, r)|M0 = 0 must also be satised for onsisteny. This ondition beomes
π˙t(t, r)|M0 = {πt(t, r), H(t)}|M0 = πr ′ +
k2Se
−(n−2)φ
2f
At = 0 , (27)
where
H(t) ≡
∫
dr′H(t, r′) . (28)
Thus, we have the following as a seondary onstraint,
At = −2e
(n−2)φf
k2S
πr ′ . (29)
Above onstraint must also be satised at all times and we should require
∂
∂t
(
At + 2e
(n−2)φf
k2S
πr ′
)∣∣∣∣
M0
=
{
At + 2e
(n−2)φf
k2S
πr ′, H
}∣∣∣∣
M0
= µ− e(n−2)φf(e−(n−2)φfAr)′ = 0 .
(30)
Thus, µ is determined as
µ = e(n−2)φf(e−(n−2)φfAr)′ . (31)
In a similar way, from πt∗ = 0, we have also the seondary onstraint and expression
for µ∗ given by
A∗t = −
2e(n−2)φf
k2S
πr ′∗ , (32)
µ∗ = e(n−2)φf(e−(n−2)φfA∗r)′ . (33)
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Sine we have the expressions for µ and µ∗, and nd out all onstraints, we an
nd the physial phase spae
M
phys
=
{
x ∈M
∣∣∣∣πt = πt ∗ = 0 ,
At = −2e
(n−2)φf
k2S
πr ′ ,A∗t = −
2e(n−2)φf
k2S
πr ′∗
}
.
(34)
Thus, we an ompute the Hamiltonian in the physial phase spae M
phys
. Substi-
tuting onstraint equations (20), (21), (29), (32) into Hamiltonian (26), we have
H = 2enφπrπr∗ + 2e
(n−2)φf
k2S
πr ′πr ′∗ +
k2Se
−(n−2)φf
2
ArA∗r , (35)
where total derivative terms are omitted. Dening new anonial variables
Φ =
√
2
kS
πr , Π = − kS√
2
Ar , (36)
we an rewrite Hamiltonian (26) as
H = e−(n−2)φfΠΠ∗ + e(n−2)φfΦ′Φ′∗ + k2SenφΦΦ∗ . (37)
One an see that Hamiltonian (37), whih is for the salar modes of the eletro-
magneti eld on Sn, is equivalent to that for a omplex salar eld in the following.
Let us onsider the ation of a omplex salar eld given by
S = −
∫
d2x
√−g e(n−2)φ[∂aχ∂aχ∗ + k2Se2φχχ∗] . (38)
From this ation, one an easily alulate the Hamiltonian for this omplex salar
eld as
H = e−(n−2)φfππ∗ + e(n−2)φfχ′χ′∗ + k2Senφχχ∗ , (39)
where π ≡ e(n−2)φχ˙/f , a anonial momentum of χ∗. Sine this Hamiltonian is the
same expression as Eq. (37), it is shown that original ation (16), whih is for the
salar modes of the eletromagneti eld, is equivalent to that for a massive omplex
salar eld, dened by (38).
2.3 Near horizon behavior
Colleting the results in the previous parts of this setion, we an write the ation
for the eletromagneti eld on the spherially symmetri spaetimes in the form of
S =−
∑
N
∫
d2x
√−g e−(n−2)φ[∂aαN∂aα∗N + (k2V + n− 1)e2φαNα∗N ]
−
∑
M 6=0
∫
d2x
√−g e(n−2)φ[∂aχM∂aχ∗M + k2Se2φχMχ∗M ] ,
(40)
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where summation with respet to M is restored, disarding l = 0 mode in the salar
setor. Ation (40) is written in (t, r) oordinates as follows:
S =−
∑
N
∫
d2x rn−2[−1
f
∂tαN∂tα
∗
N + f∂rαN∂rα
∗
N +
k2V + n− 1
r2
αNα
∗
N ]
−
∑
M 6=0
∫
d2x r−(n−2)[−1
f
∂tχM∂tχ
∗
M + f∂rχM∂rχ
∗
M +
k2S
r2
χMχ
∗
M ] ,
(41)
where the expliit form of the dilaton, e−2φ = r2, is used. In the near-horizon limit,
r → rH , the mass terms in (41) are negligible, and the ation takes the form of
S ≃− rn−2H
∑
N
∫
d2x
√−g ∂aαN∂aα∗N − r−(n−2)H
∑
M 6=0
∫
d2x
√−g ∂aχM∂aχ∗M .
(42)
Now, we an see that from ation (42), the eletromagneti eld near the horizon
in d-dimensional spherial blak holes an be desribed by the theory for an innite
number of massless salar elds on the 2-dimensional spaetime, whose metri is
given by (19), as well as the ase for a d-dimensional salar eld [4℄. However, the
dierene between the eletromagneti and salar elds appears in the number of
degrees of freedom. That is, there are degeneraies both for salar and vetor setors
in eah l-mode, whose numbers of degeneray are denoted by Dl(n, 0) and Dl(n, 1),
respetively, and are given by [25℄:
Dl(n, 0) =
(2l + n− 1)(l + n− 2)!
l!(n− 1)! ,
Dl(n, 1) =
l(l + n− 1)(2l + n− 1)(l + n− 3)!
(l + 1)!(n− 2)! .
(43)
Therefore, eah l-mode in ation (42) ontainsDl(n, 0)+Dl(n, 1) salar elds. While
for the d-dimensional salar eld, no vetor mode on Sn exists and only Dl(n, 0)
salar elds are relevant [4℄. This dierene results in the total amount of Hawking
radiation between photons and salar partiles. We will revisit this point in the next
setion.
3 Hawking radiation of vetor partiles
From the results in the previous setion, it sues to alulate the Hawking radiation
of the salar elds to know the Hawking radiation of eletromagneti eld. In
this setion, we review the derivation of Hawking radiation via the anellation of
gravitational anomalies for salar elds [6, 10℄ in order for this paper to be self-
ontained. Then, ombining suh a Hawking radiation result for salar elds with
the results in the previous setion, the total amount of Hawking radiation for the
eletromagneti eld is estimated.
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3.1 Hawking radiation of salar partiles as an anomaly elim-
inator
In 2-dimensional spaetime, we will regard the horizon as a boundary of spaetime
and disard ingoing modes near the horizon sine the ingoing modes annot aet the
dynamis of the salar eld outside the horizon lassially. As a onsequene, suh
a 2-dimensional theory beomes hiral and a gravitational anomaly might appear.
First, let us split the spaetime into two regions: rH ≤ r ≤ rH + ǫ where the
theory is hiral and rH + ǫ ≤ r where the theory is not hiral. We will take the limit
ǫ→ 0 ultimately. It is known that the gravitational anomaly arises in 2-dimensional
hiral theory and takes the form of [3032℄
∇aT ab = − 1
96π
√−g ǫ
cd∂d∂aΓ
a
bc , (44)
where the onvention ǫ01 = +1 is used. We dene Nab as
∇aT ab ≡ 1√−g∂aN
a
b . (45)
In the non-hiral region rH + ǫ ≤ r, we have Nab = 0, while in the hiral region
rH ≤ r ≤ rH + ǫ, the omponents of Nµν are
N tt = N
r
r = 0 , N
r
t = − 1
192π
(f ′
2
+ f ′′f) , N tr =
1
192πf 2
(f ′2 − f ′′f) , (46)
where
′ ≡ ∂r. In (t, r) oordinates, we an write down Eq. (45) as
∂rT
r
(O) t = 0 ,
∂rT
r
(H) t = ∂rN
r
t ,
(47)
where the time independene of T ab is assumed. The subsripts, H and O, represent
the values in the region rH ≤ r ≤ rH+ǫ and rH+ǫ ≤ r, respetively. These equations
an be integrated to give
T r(O) t =aO ,
T r(H) t =aH +N
r
t(r)−N rt(rH) ,
(48)
where aO and aH are integration onstants [33℄. In partiular, note that aO itself
represents the energy ux outside the horizon.
An eetive ation for the metri gµν , obtained after integrating out the quantized
salar eld, is
W [gab] = −i ln
(∫
Dϕ eiS[ϕ, gab]
)
, (49)
where S[ϕ, gab] is the lassial ation for one 2-dimensional salar eld. By an
innitesimal oordinate transformation in the time diretion,
t→ t− ξt(t, r) , r → r , (50)
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the eetive ation hanges as
−δξW =
∫
d2x
√−g ξt∇a
[
T a(H) tΣH(r) + T
a
(O) tΣO(r)
]
=
∫
d2x ξt
[
∂r {N rtΣH}+
(
T r(O) t − T r(H) t +N rt
)
δ(r − rH − ǫ)
]
.
(51)
Here, ΣO(r) and ΣH(r) are the supports of T
a
(O) b and T
a
(H) b, respetively, dened
by step funtion Θ as
ΣO(r) ≡ Θ(r − rH − ǫ) , ΣH(r) ≡ 1−Θ(r − rH − ǫ) . (52)
Sine the rst term in the seond line of Eq. (51) annot be aneled by the delta-
funtion term, it should be aneled by a quantum eet of the ingoing modes. The
oeient of the delta funtion should vanish to save the dieomorphism invariane
at the quantum level. From Eq. (48), this requirement leads to
aO = aH −N rt(rH) . (53)
We need to know aH to obtain the Hawking ux, aO. For this purpose, we adopt
the boundary ondition proposed in [5℄. Let us introdue the ovariant energy-
momentum tensor T˜ab, whih satises a ovariant-anomaly equation,
∇aT˜ a(H) b =
1
96π
√−g ǫab∂
aR . (54)
We impose the vanishing of this ovariant energy-momentum tensor at the horizon
sine the boundary ondition should be dieomorphism invariant. In the present
ase, the ovariant energy-momentum tensor is given by
T˜ r(H) t = T
r
(H) t +
1
192π
(
ff ′′ − 2f ′2) . (55)
The vanishing of this ovariant urrent at the horizon determines aH as
aH =
f ′(rH)
96π
=
κ2
24π
. (56)
Thus, we have
aO =
κ2
48π
. (57)
This is the energy ux in the outside region, obtained by imposing the anellation
of the gravitational anomaly at the horizon. This value exatly oinides with the
energy ux evaluated from a thermal spetrum,
T rt (thermal) =
∫ ∞
0
dω
2π
ω
e2piω/κ − 1 =
κ2
48π
. (58)
This result suggests that the Hawking radiation of a salar eld from the spheri-
ally symmetri blak holes an be regarded as the anomaly eliminator on horizons.
Combined with the result that the eletromagneti eld an be regarded as a set
of an innite number of massless salar elds near the horizon, the above results
also suggest that the Hawking radiation of a vetor eld should be regarded as the
anomaly eliminator on the horizon.
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Figure 1: The ratio of Hawking uxes between a salar eld and an eletromagneti
eld near the horizon, F1(L)/F0(L) (see Eqs. (43) and (59) for denition), for various
spaetime dimensions. We an see that as the ut-o angular momentum L inreases,
the ratio for eah spaetime dimension approahes n ≡ d− 2.
3.2 Sum over vetor and salar modes
Energy ux (57) is that of the ontribution from one salar eld in 2-dimensional
eetive ation (42). As mentioned at the last part of Se. 2.3, however, Dl(n, 0) +
Dl(n, 1) salar elds exist in 2-dimensional eetive ation (42) for eah l-mode.
Now, to larify the quantitative dierene in uxes between salar and eletro-
magneti elds, let us dene the following quantities:
F0(L) =
L∑
l=0
Dl(n, 0)aO ,
F1(L) =
L∑
l=1
[Dl(n, 0) +Dl(n, 1)] aO . (59)
These are the energy uxes for salar and eletromagneti elds, respetively, taking
into aount the ontributions from l ≤ L modes. The total energy uxes, obtained
by taking limit L → ∞, diverge for both elds. Their ratio of F1/F0, however,
onverges to a nite value depending on the spaetime dimensions:
lim
L→∞
F1(L)
F0(L)
= n . (60)
This result is onsistent with the fat that d-dimensional eletromagneti elds have
d− 2 = n degrees of freedom. In Fig. 1 we show the L-dependene of F1(L)/F0(L)
for some spaetime dimensions. We an say that the onvergene (60) is suiently
rapid espeially for lower dimensions. Finally, note that the above uxes (59) and
their ratio have signiane only near the horizon. That is, if we take into aount the
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sattering by a urvature potential (greybody fator), the uxes for higher angular-
momentum partiles will be suppressed. Therefore, the total uxes, obtained in the
limit L→∞, will onverge for both elds and their ratio will take a dierent value
from (60).
4 Conlusion
We have shown that Hawking radiation of vetor partiles (photons) as well as a
salar eld from the d-dimensional spherially symmetri blak holes an be ex-
plained from the anomaly anellation viewpoint. This result shows the robustness
of the piture, disovered reently and applied to many blak holes in the ase of
salar radiation, that Hawking radiation an be regarded as the anomaly elimina-
tor on horizons. The spin degree of freedom for the vetor eld appears in the
amount of total energy ux, whih is larger than that for the salar eld with the
dimension-dependent fator of d− 2.
It will be interesting to generalize the gravitational anomaly method to gravi-
ton/fermion elds. For the eletromagneti eld, it is essential that the eld an
be redued to the 2-dimensional theory for massless salar elds near the horizon.
If we an regard the gravitational eld and fermion eld as a 2-dimensional mass-
less salar eld and a spinor eld near the horizon, respetively, we will be able to
alulate the energy uxes for these elds from the anomaly point of view. If we
sueed in explaining Hawking radiation for all fundamental elds by the anomaly
anellation method, our understanding of blak hole physis will be signiantly
enrihed.
Although we did not show expliitly that the spetrum of the photon emission
is thermal, the fat that the eletromagneti eld an be regarded as the massless
salar elds near the horizon will enable us to apply the derivation of the thermal
spetrum in the ontext of anomalies [23℄. Note also that urvature sattering,
whih was ignored in this paper, an be alulated from 2-dimensional ation (40).
Therefore, by making use of the thermal spetrum, reprodued in [23℄, one an
alulate the total energy ux observed at innity from the anomaly point of view.
Some of reent studies on the ounting of blak hole entropy are also related to
anomalies [1, 34, 35℄. It will be signiant to give a unied view both for entropy
and Hawking radiation in the present ontext.
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